Objective: Prior studies suggest an increased risk of cervical cancer among women with systemic lupus erythematosus. However, the relationship with immunosuppressive drugs is not well studied in US nationwide cohorts. We compared the risk of high-grade cervical dysplasia and cervical cancer among women with systemic lupus erythematosus who started immunosuppressive drugs versus hydroxychloroquine. Methods: We identified systemic lupus erythematosus patients initiating immunosuppressive drugs or hydroxychloroquine using claims data from two US commercial health plans and Medicaid (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012). We used a validated claims-based algorithm to identify high-grade cervical dysplasia or cervical cancer. To account for potential confounders, including demographic factors, comorbidities, medication use, HPV vaccination status, and health care utilization, immunosuppressive drugs and hydroxychloroquine initiators were 1:1 matched on the propensity score. We used inverse varianceweighted, fixed effect models to pool hazard ratios from the propensity score-matched Medicaid and commercial cohorts. Results: We included 2451 matched pairs of immunosuppressive drugs and hydroxychloroquine new users in the commercial cohort and 7690 matched pairs in Medicaid. In the commercial cohort, there were 14 cases of cervical dysplasia or cervical cancer among immunosuppressive drugs users and five cases among hydroxychloroquine users (hazard ratio 2.47, 95% CI 0.89-6.85, hydroxychloroquine ¼ ref). In Medicaid, there were 46 cases among immunosuppressive drugs users and 29 cases in hydroxychloroquine users (hazard ratio 1.24, 95% CI 0.78-1.98, hydroxychloroquine ¼ ref). The pooled hazard ratio of immunosuppressive drugs was 1.40 (95% CI 0.92-2.12). Conclusion: Among women with systemic lupus erythematosus, immunosuppressive drugs may be associated with a greater, albeit not statistically significant, risk of high-grade cervical dysplasia and cervical cancer compared to patients receiving hydroxychloroquine alone. Lupus (2017) 26, 682-689.
Introduction
In the US there are nearly 13,000 new cases of invasive cervical cancer and over 4,000 related deaths each year. 1 Human papillomavirus (HPV) is the most common sexually transmitted disease among females in the US and the main cause of high-grade cervical dysplasia and cervical cancer. 2 High-grade cervical dysplasia refers to cervical lesions which are classified as cervical intraepithelial neoplasia 2 and 3 and because of the increased risk of progression to cervical cancer compared to lower grade lesions, they require aggressive treatment. 3 While cancer rates are expected to decrease with increased use of efficacious HPV vaccines, vaccine uptake in the US remains low. 4 A number of studies suggest that patients with systemic inflammatory diseases, and systemic lupus erythematosus (SLE) in particular, may be at increased risk for persistent HPV infection, highgrade cervical dysplasia, and cervical cancer. 5 This heightened vulnerability may be due to an immunocompromised state from the disease itself, the immunosuppressive drugs (ISDs) used, or a combination of both resulting in a diminished ability to clear the HPV infection. 6 Few studies to date have assessed the relationship between ISD use and cervical cancer among patients with systemic inflammatory diseases. To our knowledge, there are no US-based nationwide longitudinal studies that assess the potential relationship between ISD use and incidence of high-grade cervical dysplasia and cervical cancer among patients with SLE. We hypothesized that ISD use will be associated with increased incidence of high-grade cervical dysplasia and cervical cancer when compared to SLE patients receiving hydroxychloroquine alone.
Material and methods

Data source
To conduct this cohort study, we used administrative claims data from two US commercial health plans, HealthCore (1 January 2001-30 June 2008), United HealthCare (1 January 2003-31 December 2012), and from Medicaid (1 January 2000-31 December 2010). The commercial health plans primarily provide insurance for working adults and their family members nationwide in the US. These databases have been described in detail in a prior study. 5 Medicaid supports low-income individuals and is the largest public insurance in the US. Medicaid data, including demographic information and billing claims for beneficiaries in 49 states and Washington, DC, are part of the Medicaid Analytic eXtract database. Data from both commercial health plans and from Medicaid were de-identified and therefore patient informed consent was not required. The study was approved by the Brigham and Women's Hospital Institutional Review Board.
Study population
We identified females aged !18 years with SLE, defined by !2 International Classification of Diseases, Ninth Revision (ICD-9) codes (710.X) on two occasions, separated by !7 days. Within this cohort, we selected one group of individuals who newly started an ISD and one group who newly started HCQ. ISDs included methotrexate, azathioprine, mycophenolate mofetil, cyclophosphamide (oral or intravenous), tacrolimus, abatacept, rituximab, cyclosporine or belimumab. We defined the start of follow-up (the index date) as the date of first dispensing of ISD or HCQ. The ISD group was required to have no use of any ISD in the prior 365 days of continuous enrollment. The HCQ group was required to have no use of HCQ or ISDs in the prior 365 days of continuous enrollment. Exclusion criteria included a history of hysterectomy, organ or bone marrow transplant, receipt of chemotherapy, HIV/AIDS, or residence in a nursing home during the 365 days prior to the index date. Patients were followed from the index date to the earliest occurrence of discontinuation of HCQ or start of an ISD for the HCQ group, discontinuation of ISD for the ISD group, development of high-grade cervical dysplasia or cervical cancer, disenrollment from the health plan, end of the database follow-up period, or death.
Outcome of interest
Our primary outcome was high-grade cervical dysplasia or cervical cancer assessed beginning at the index date. To define this we used a validated claims-based algorithm of !2 ICD-9 codes (795.04, 622.12, 233.1, 180.1) and !1 procedure code for related gynecologic procedures or treatments (CPT codes for colposcopy, cervical biopsy, cryotherapy of the cervix, electro or thermal cautery of the cervix, endocervical curettage, laser ablation, cervical conization, loop excision, cervicectomy, or excision of cervical stump) occurring !30 days after the ICD-9 code (positive predictive value of !81%) ( Table 1) . 7 We also examined the rate of procedures related to cervical dysplasia including Papanicolaou test, colposcopy, cervical biopsy and cervical excision surgery during the follow-up period.
Covariates
We measured all covariates during the 365 days prior to the index date ( Table 1) . These included age, comorbidities (diabetes, chronic kidney disease, liver disease, and a comorbidity score 8 ), cervical cancer-related factors (alcoholism, smoking, substance use, likelihood of sexual activity, 9 sexually transmitted infection, oral and non-oral contraceptive use, receipt of !1 HPV vaccine), health care utilization (outpatient visits, rheumatology visits, obstetrics/gynecology visits, inpatient admissions, emergency department visits), preventive care (mammography, Papanicolaou test, HPV DNA test, lipid screening), and cumulative dose of systemic corticosteroids during the baseline period. The cumulative steroid dose was calculated based on the number of prednisone-equivalent milligrams prescribed for the 365 days prior to the index date.
Statistical analyses
We first compared differences in baseline characteristics between HCQ and ISD new users in the commercial health plans and in Medicaid. We then used multivariable logistic regression models to calculate propensity scores for receipt of ISD vs HCQ accounting for all of the aforementioned baseline covariates including age, comorbidities, cervical cancer-related factors, health care utilization, preventive care and corticosteroid use. We used nearest neighbor matching within a caliper of 0.05 on the propensity score to match ISD users to HCQ users at a fixed ratio of 1:1. 10, 11 The c-statistic for the commercial plan beneficiaries was 0.72 and for Medicaid beneficiaries was 0.66. We determined incidence rates (IR) and 95% confidence intervals (CIs) of high-grade cervical dysplasia and cervical cancer in the propensity score matched cohorts and Cox proportional hazards models were used to estimate the hazard ratio (HR) with 95% CI of these outcomes associated with use of ISD vs. HCQ. We tested the proportional hazards assumption (exposure multiplied by log of follow-up time) and it was not violated in any of our models. In secondary analyses, we compared rates of gynecologic procedures related to cervical dysplasia between the ISD and HCQ groups. We also examined the IR and 95% CIs of high-grade cervical dysplasia and cervical cancer by individual immunosuppressive agent in both the commercial health plan and Medicaid datasets. Due to anticipated differences in the patient populations enrolled in the commercial health plans compared to Medicaid, we conducted all of our analyses, including propensity score development, separately in the combined commercial health plan and Medicaid databases. We then pooled the database-specific HRs using an inverse variance-weighted fixed effects model in order to augment our statistical power to detect meaningful differences in outcomes between the ISD and HCQ groups. All analyses were conducted using SAS 9.3 (Cary, NC) and STATA 14.
Results
In the commercial health plans, 36,691 females met our criteria for SLE and 9,731 were new users of ISD or HCQ. In Medicaid, we identified 67,851 females with SLE, 24,877 of whom were new users of ISD or HCQ. After applying our additional inclusion and exclusion criteria, we identified 7,223 females in the commercial health plans and 19,861 in Medicaid ( Figure 1 ). Following 1:1 propensity score matching, we included 2,451 matched pairs of ISD and HCQ initiators in the commercial health plans and 7,690 matched pairs in Medicaid ( Table 2 ). The mean AE SD follow-up time beginning at the index date of new medication use was 1.1 AE 1.4 years in the commercial health plans and 1.5 AE 1.9 years in Medicaid.
During the baseline period, Medicaid enrollees overall were younger, had more comorbidities and Emergency Department visits, and received more In the pooled analyses across health plans, the HR associated with ISD use was 1.40 (95% CI 0.92-2.12). We also examined use of gynecologic procedures in the matched cohorts (Table 4 ). Among commercial health plan enrollees, we observed a slightly higher incidence rate of Papanicolaou tests and gynecologic procedures overall among ISD initiators compared to HCQ initiators. Among Medicaid enrollees, we did not observe any significant differences in gynecologic procedure use associated with ISD or HCQ use.
Discussion
In our analyses using US nationwide commercial and public insurance databases, we did not observe a statistically significant difference in rates of high-grade cervical dysplasia and cervical cancer associated with ISD use. However, in both cohorts, and in our pooled analysis, we did note a trend towards higher rates among ISD initiators compared to HCQ initiators. We did not find statistically significant differences in incidence rates of high-grade cervical dysplasia or cervical cancer by individual ISD, however the small number of outcomes limited this aspect of our analysis. We found slightly higher rates of gynecologic procedures among ISD initiators compared to HCQ initiators with commercial insurance, but no difference among those with Medicaid.
To date, there are only a few studies that specifically examined the association between ISD use and cervical cancer in patients with systemic autoimmune diseases. One longitudinal, population-based cohort study in Denmark compared the risk of cervical cancer among patients with autoimmune diseases to the general population. 12 The authors found similar rates of cervical cancer in patients with autoimmune disease and in the general population and this held true for those who received ISDs. However, when azathioprine was examined independently, while there was no statistically significant increased risk among users overall compared to non-users, there was a 2.2 times higher risk (95% CI 1.2-3.9) among those receiving the highest cumulative dose compared to non-users. One cross-sectional study among patients with SLE (n ¼ 34) and rheumatoid arthritis (n ¼ 43) in Mexico, found an association between methotrexate use and HPV positivity. 13 A small study (n ¼ 40) among patients with inflammatory bowel disease (IBD) compared to healthy controls found an increased risk of abnormal Papanicolaou tests and of high-grade cervical dysplasia among IBD patients, and this was most pronounced among those receiving ISDs. 14 Among SLE patients, prior studies suggested the possibility of an increased risk of cervical dysplasia conferred by ISD use. One small study compared women with SLE to age-matched healthy controls and found an increased rate of cervical atypia (19/ 80 in SLE patients and 9/80 in controls). 15 The majority (18/19 SLE patients) reported treatment with azathioprine, which raised the potential question of associated risk. A longitudinal study of 61 SLE patients evaluated the three-year incidence of cervical intraepithelial neoplasia. 16 The authors identified six cases, two in patients who received cyclophosphamide and prednisone and four in patients who received cyclophosphamide, azathioprine, and prednisone. With the small numbers and the likelihood of confounding by indication, it is challenging to extrapolate these findings to the general population of SLE patients receiving ISDs. One larger study included 171 SLE patients, 87 of whom received ISDs, and these patients were compared to healthy controls. 17 A higher risk of cervical dysplasia was seen among the SLE patients compared to the controls, and SLE patients with at least one year of ISD use had a higher prevalence of Table 4 Incidence rates (IR) and incidence rate ratios (IRR) of gynecologic visits and procedures associated with use of immunosuppressive drugs versus hydroxychloroquine in a propensity score-matched analysis both low and high-grade cervical intraepithelial lesions compared with those who did not receive these medications. One multi-centered academic cohort study of 1,015 SLE patients, 41 percent of whom received ISDs, found a trend towards increased risk of an abnormal Papanicolaou test in their adjusted analyses (odds ratio 1.6, 95% 1.0-2.7), which included 74 abnormal tests following SLE diagnosis. 18 Our study has a number of strengths. First, our study cohorts are population-based and representative of both commercial health plan members and Medicaid beneficiaries in the US. We were able to assess the comparative risk of high-grade cervical dysplasia, a surrogate endpoint for cervical cancer, and of cervical cancer in a large US-based longitudinal cohort of over 20,000 SLE patients initiating and actively receiving either an ISD or HCQ. Since individuals enrolled in commercial health plans tend to be different from those enrolled in Medicaid, we examined this question in each population separately first and subsequently pooled the HRs. A number of prior studies compared the risk of cervical dysplasia among SLE patients receiving ISD to healthy controls, or to SLE patients on a variety of other medications, or no medications at all. We used the new user design with active comparators (i.e. ISD initiators vs HCQ initiators) to avoid immortal time bias as well as the issue with depletion of the susceptibles and to ensure that all of the patients studied were continuously on treatment with either ISD or HCQ during the follow-up period. To minimize the potential for differences in factors including disease severity among ISD and HCQ initiators (i.e. confounding by indication) and improve statistical efficiency, our study cohorts were matched on the propensity score. In our propensity score models, we further controlled for potential differences in baseline preventative health services including cervical cancer screening between ISD and HCQ initiators. In addition, we used a validated claims-based algorithm, shown to have a positive predictive value of greater than 80 percent, to identify our outcomes of high-grade cervical dysplasia and cervical cancer. 7 There are several limitations to this study. While this is the largest US-based longitudinal study to date to examine the association of ISD with highgrade cervical dysplasia and cervical cancer among SLE patients, our outcome of interest was uncommon. Therefore, our power to detect a clinically or statistically significant difference between the groups is limited. However, other strategies that could have further increased our sample size and our number of outcomes, such as including prevalent users rather than new users of ISD and HCQ, would have introduced bias. Specifically, there would have been significant differences in duration of drug exposure both between and within drug groups during which time the outcome would not have been assessed. While we had all available claims for each individual within each commercial and Medicaid dataset, if an individual was dually insured, it is possible that claims may have been missing. Despite the use of propensity score matching, there may be residual confounding from a number of potential factors unavailable in our claims data including race/ethnicity, socioeconomic status, and SLE duration, severity and activity. These characteristics may influence who receives an ISD compared with HCQ, as well as the overall risk of cervical cancer. However, it is important to note that SLE disease severity has been shown to not be a susceptibility factor for the development of cervical intraepithelial neoplasia. 19 In addition, there may be a dose-dependent effect, an interaction effect between different medications, or a greater risk conferred by one specific ISD over another. However, due to the low incidence of the outcome, we were underpowered to conduct further analyses to examine these factors. While we excluded patients who received an ISD or HCQ in the 365 days prior to the index date, we were unable to assess use prior to that point and it is plausible that a remote history of ISD use may also contribute to risk. In addition, we are unable to draw conclusions about long-term cervical cancer risk associated with ISD use because of the relatively short follow-up time observed in both cohorts while patients were actively receiving the drug.
Overall, in this nationwide study of more than 20,000 diverse SLE patients, while we found a trend towards an increased rate of cervical dysplasia and cervical cancer among ISD initiators compared with HCQ, we did not find a statistically significant difference. Despite our large sample size, our power to detect clinically meaningful differences was limited, especially since the incidence of high-grade cervical dysplasia and cervical cancer was low in both of our cohorts. Further studies are needed with extended follow-up time to determine whether prolonged duration of therapy contributes to increased risk. In addition, with the known safety and efficacy of the HPV vaccine, the trend observed in this study may serve as further impetus to ensure that SLE patients, especially those receiving ISDs, are appropriately vaccinated for this preventable disease.
